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Abstract
Background: Recent advances in treatment for stroke give new possibilities for optimizing outcomes. To deliver these
prehospital care needs to become more efficient.
Aim: To develop a framework to support improved delivery of prehospital care. The recommendations are aimed at
clinicians involved in prehospital and emergency health systems who will often not be stroke specialists but need clear
guidance as to how to develop and deliver safe and effective care for acute stroke patients.
Methods: Building on the successful implementation program from the Global Resuscitation Alliance and the Resuscitation
Academy, the Utstein methodology was used to define a generic chain of survival for Emergency Stroke Care by assembling
international expertise in Stroke and Emergency Medical Services (EMS). Ten programs were identified for Acute Stroke
Care to improve survival and outcomes, with recommendations for implementation of best practice.
Conclusions: Efficient prehospital systems for acute stroke will be improved through public awareness, optimized
prehospital triage and timely diagnostics, and quick and equitable access to acute treatments. Documentation, use of
metrics and transparency will help to build a culture of excellence and accountability.
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Background
Stroke is a major cause of death and disability worldwide with an estimated 15.2 million strokes causing 7
million deaths per year globally.1 Over half of stroke
survivors will have some degree of disability and for
most individuals and their families, it is a life-changing
experience. Changes in demography will lead to a predicted 45% increase in stroke incidence in Europe over
the next 20 years with similar increases predicted in
other parts of the world.2 Rapid recognition of stroke
symptoms and delivery of evidence-based acute care,
including thrombolytics and endovascular thrombectomy (EVT), blood pressure control for primary intracerebral hemorrhage and stroke unit management have
all been shown to signiﬁcantly improve outcomes.3,4
These treatments are time dependent and require
rapid access to deﬁnitive care in hospital.
Many people consider stroke as an untreatable disease. The public lacks awareness of the signs and

1

NHS England and King’s College, London, England
Eastern Health Monash University, Melbourne, Australia
3
Emergency Medical Services, Paris, France
4
National Neuroscience Institute, Singapore General Hospital, Singapore
5
University of British Columbia, Vancouver, Canada
6
Mission Health System, Asheville, USA
7
University of Washington School of Medicine, Seattle, WA, USA
8
Stavanger University Hospital, Stavanger, Norway
9
The Laerdal Foundation, Stavanger, Norway
10
Singapore General Hospital and Duke-NUS Medical School, Singapore,
Singapore
11
Washington University School of Medicine, St. Louis, MO, USA
12
University of Otago, Dunedin, New Zealand
13
American Heart Association, Dallas, TX, USA
14
University of Washington, USA
15
Danish Resuscitation Council, Copenhagen, Denmark
16
Seoul National University College of Medicine, Seoul, South Korea
17
Ambulance New Zealand, Wellington, New Zealand
18
Copenhagen Emergency Medical Services, Copenhagen, Denmark
2

Corresponding author:
AG Rudd, Stroke Unit, Guy’s and St Thomas’ NHS Foundation Trust,
Westminster Bridge Rd, London SE1 7EH, UK.
Email: Anthony.rudd@kcl.ac.uk

International Journal of Stroke, 15(5)

556
symptoms of stroke and the need for urgent medical
attention. Less than 50% of individuals with acute
stroke recognize the nature of their own symptoms.5
In some countries, individuals with stroke are more
likely to call a general practitioner rather than the
Emergency Medical Services (EMS) and in many lowand middle-income countries, EMS systems are scarce
or non-existent.6 Compounded by lack of knowledge,
ineﬃcient and inadequate acute care pathways and
facilities, seen in both high and low resource countries,
many people face death and disability after stroke that
is potentially preventable.
Recent advances in acute ischemic stroke care have
expanded the pool of patients who may beneﬁt from
acute therapy, demonstrating beneﬁt of EVT up to 24 h
after symptom onset in selected patients,7 as well as
beneﬁt for acute therapy in patients without a witnessed
time of onset.8 However, the best outcomes are associated with the shortest treatment times.9,10 Optimizing
the organization of stroke systems of care is essential.
This article presents a ‘‘Chain of Survival’’ for emergency stroke care and sets out the recommendations for
health systems to strive for worldwide. While none of
the individual components will be unknown to professionals involved in the area, we believe unifying them
into a single program, calling for global action and
asking EMS to work in a uniﬁed way with hospitals
will be of great beneﬁt for health systems trying to
improve prehospital and emergency care. Such a
system has proved hugely beneﬁcial in cardiac arrest
and acute myocardial infarction.11 This study in
South Korea shows a doubling of the percentage survival rate and survival with good neurological function
after implementation of the Utstein recommendations.
While some of the components require well-resourced
services, many are applicable to low- and middleincome countries and can be delivered by improving
the organization of existing services and close collaboration between stroke specialists in hospitals and the
EMS composed in most cases of non-specialists.
These interventions in emergency stroke care management will reduce stroke mortality and disability.

Methodology
The ﬁrst Utstein Meeting was held in 1990 at Utstein
Abbey, Stavanger, Norway. Researchers and experts
produced a consensus recommendation on how to
report cardiac arrest survival data.12 This process of
deﬁning the essential elements of complex medical challenges within emergency care came to be known as the
Utstein methodology or merely Utstein. The Utstein
terminology for cardiac arrest is the international
standard for reporting data and science.13,14 The
method of reporting cardiac arrest has been updated
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and remains the universal standard. The methodology
has since been used for numerous recommendations
primarily for cardiac arrest but also within various
other emergency areas.
In 2015, an Utstein meeting resulted in a call for
establishing a Global Resuscitation Alliance (GRA)
in order to best implement successful strategies in
managing cardiac arrest and to disseminate best practice.15 This aimed to update and expand the reach and
utilization of the concept of 10 programs to improve
survival from out-of-hospital cardiac arrest including
the Resuscitation Academy concept of ‘‘measure and
improve’’, developed in EMS Seattle and King
County USA.16 This concept was successfully disseminated worldwide and is acknowledged as an implementation plan for best practice in cardiac arrest
management for EMS.
The purpose of this Utstein article on emergency
stroke care is to employ the Utstein methodology to
transfer the experience from the area of out-of-hospital
cardiac arrest into the ﬁeld of emergency stroke care. It
seeks to adapt concept recommendations from the
GRA to produce 10 programs to improve outcome
and survival for stroke patients. It aims to target clinicians delivering stroke care particularly in the prehospital stage who may not be experts in stroke in all
countries rich and poor, urban and rural to provide a
framework which can be used to progressively improve
care and consequently outcomes.
An international group (supplementary Appendix
A) representing expertise from EMS, emergency medicine neurology, stroke and quality improvement,
including representatives from organizations and foundations working with stroke care, was brought together
to formulate recommendations in 10 predeﬁned areas
of the acute stroke systems of care. The meeting took
place on 5–6 June 2018 at the Utstein Abbey in
Norway. Preparations before the meeting included
identifying and reviewing guidelines, consensus articles
and scientiﬁc data on emergency stroke care and considering how to apply the 10 programs for out-of-hospital cardiac arrest to emergency stroke care. According
to the Utstein methodology, six major issues were
deﬁned, including sub-questions for discussions. Prior
to the meeting, two chairs were identiﬁed to facilitate
the discussion of the topics. The participants were
divided into six groups and rotated between the six
topics to discuss and reﬁne the solutions. At the end
of day two, the results were presented by the chairs for
debate and new questions were discussed in plenary
followed by an immediate summary. After the meeting,
the chairs had teleconferences to ﬁnalize the ﬁnal recommendations and prepare this document. The ﬁnal
document was further discussed and approved by the
full Utstein group. The recommendations are founded
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on existing guidelines, evidence-based practice and
experts’ knowledge from both cardiac arrest and
stroke care. Furthermore, examples of best practices
have been identiﬁed to be used to inspire
implementation.

Results
Ten programs to improve survival and outcome
after stroke
Figure 1 summarizes the 10 programs and Figure 2
shows the key recommendations.

(1) Establish a Stroke Registry
Data are essential to improve care and outcomes. You
cannot improve what you do not measure; therefore a
stroke registry is essential to identify current performance, areas for improvement and the eﬀects of quality
improvement programs. Registries should be population-based, encompassing prehospital care, in-hospital
care and survival, function and quality of life. A registry should measure clinical outcomes such as mortality
and essential processes of stroke care. Only essential
data that are easily measurable should be collected
and where possible the data should be extracted from
routine data sets. Examples of possible data elements
are given in Table 1 (supplementary Appendix C).
Stroke registries may encompass local, regional, state
or national levels but function best where performance
can be compared to earlier results and between services.
Registries require appropriate resource allocation from
hospitals, EMS and preferably government funding.
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Stroke should be a mandatory reportable disease in
society. Global collaboration is needed to further
develop and implement stroke registries, including
enhancing comparability and ensuring data quality.
Table 1 (supplementary Appendix C) suggests data
items for an acute stroke care registry.

(2) Create public awareness
Two major barriers to timely stroke intervention are
late recognition by the public and lack of activation
of EMS. Both are crucial for successful early treatment,
yet the latter is dependent upon the ﬁrst. Increasing
public awareness of stroke requires improving knowledge of its acute presentation. In a summary of 22
studies that surveyed such knowledge, only a few participants could name more than two risk factors in most
studies. Knowledge of stroke warning signs varied
widely, with a substantial proportion not knowing a
single sign of stroke.17 For awareness of stroke warning
signs, most studies identiﬁed greater knowledge in
women compared with men. Individuals with pre-existing conditions tended to know more about risk factors
and warning signs than people without such history and
most the studies reported better knowledge in older
participants. Lower socio-economic groups and
people with less education were less knowledgeable
than higher socio-economic groups and people with
higher education. Although stroke knowledge
improved recently, the public’s recognition of these
warning signs still remains unsatisfactory.18
Accompanying this challenge is the added need for
the public to recognize stroke as a treatable and timedependent condition and therefore immediately

Figure 1. Ten programs to improve stroke survival.
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Figure 2. Chain of survival for emergency stroke care.

activate EMS. Help-seeking behavior after acute stroke
is a complex and not well-understood process, requiring
not only knowledge of stroke symptoms but also their
correct recognition by the patient or bystander, and an
understanding of how to activate the process of acute
stroke care. Studies have shown that patients brought
to the hospital by EMS arrive sooner after onset of
their symptoms than those transported by other
means and receive more rapid evaluation and treatment.19 In countries with well-developed EMS systems,
people with stroke use EMS about 60 % of the time for
transportation to the hospital.20 Individuals showing
signs of major stroke such as paresis, aphasia, or
altered level of consciousness are more likely to use
EMS than those with symptoms such as vision disturbance, ataxia, or vertigo.21,22 Patients transported by
EMS receive more sophisticated prehospital care and
evaluation22 and are treated more quickly at the stroke
center.23 Thus, promoting early recognition and triggering an EMS-focused response are paramount priorities for public stroke education.

(3) Start public education
Educational eﬀorts should be broad-based and built
upon advertising success in other domains. These can
include mass media campaigns, targeted programs in
schools, ambassadors and social media. An important
part of public education is dispelling fatalistic attitudes
about stroke using success stories that highlight the
potential for excellent functional outcomes, with the
best likelihood for optimal recovery when identiﬁed
readily and treated rapidly. Studies have shown that
when aimed at potential patients and bystanders, such
knowledge can incentivize learning, remembering, and
implementing a stroke recognition and action plan,
resulting in more rapid hospital presentation and intervention.24 Regardless of approach, one challenge is
maintaining the durability of the education initiative
and this may require repeat messaging in various
media formats and recurring reminders using
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testimonials of success. The ultimate goal is to foster
an ongoing partnership between the public, EMS, the
hospitals and community that results in more rapid
programs to intervene in a potentially devastating but
potentially reversible condition. Stroke education and
campaigning should be directed both to the public and
to the medical services and in-hospital personnel
involved in stroke triage and treatment.

(4) Improve early recognition by first responders
Early recognition of potential stroke symptoms by
emergency dispatchers is critical to activating emergency stroke care. Once a call to an emergency center
occurs, the call-taker needs to diﬀerentiate the 1–2% of
patients with stroke from the range of other emergency
conditions. As patients often do not recognize their
symptoms as being due to stroke, their description of
symptoms may be unclear. Emergency call centers often
use a predeﬁned guideline for prioritizing stroke as part
of their computer aided dispatch system. Some identiﬁcation strategies are insensitive, detecting between 40
% and 65 % of acute strokes with variable speciﬁcity.25–27 There is no evidence favoring any one particular diagnostic scale or strategy by emergency call takers
to identify stroke.28 However, using a tool to facilitate
rapid recognition seems obvious and recently the
American
Heart
Association/American
Stroke
Association has recommended new time process indicators for emergency call-taking and dispatch.3 Many
stroke patients and relatives contact non-acute health
services, such as general practitioners or various help
lines. These should also be able to identify potential
stroke patients and to directly activate the emergency
call center.

(5) Practice rapid and timely dispatch
Accurate recognition by dispatchers is key to rapid
treatment. In a Norwegian study,29 when the emergency call-taker suspected a diagnosis of stroke,
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ambulance services were dispatched as high priority
response to 92% of patients. But if the call-taker
missed the diagnosis, the ambulance was dispatched
as high priority response in only about 55% of cases.
Based on the initial dialogue, the presence of key symptoms (for instance Face-Arm-Speech-Time questions)
should lead to an immediate high priority response.
Even patients with transient stroke symptoms should
have an acute EMS response. Once an initial response
is sent, additional questions may clarify the diagnosis
and allow dispatch of additional specialist resources,
such as a mobile stroke unit. When acute stroke is suspected, call-takers should ask additional questions, e.g.
contact information for caregiver, time last known well,
and communicate the results to the EMS team to assist
in choosing the appropriate receiving hospital.

metrics and transport times. An ideal acute stroke service is one that is reached quickly, with immediate
access to stroke specialist care either on site or via telemedicine, capable of emergent brain imaging including
angiography and perfusion with a dedicated stroke
unit, expertise in intravenous thrombolysis and EVT,
and all organized to provide expert care with minimal
delay.38 For the provision of EVT air transport providers should work together to identify the most eﬃcient transport option both pre- and inter-hospital.
This should include immediate availability and backup systems. A cross sector collaborative approach will
be more eﬀective than identifying a single preferred
provider.

(6) Optimize prehospital stroke care and triage

Expert guidelines for the management of stroke in the
emergency department have been produced3,4 and will
not be repeated here. There is good evidence to show
that rapid treatment of both ischemic and hemorrhagic
stroke39 can improve outcomes and often neglected is
the need for early rehabilitation. However, achieving
this requires high levels of coordination and ongoing
staﬀ training involving EMS staﬀ, radiology and the
stroke team. Up-to-date evidence-based protocols are
needed to cover the acute management of ischemic and
hemorrhagic stroke, and transient ischemic attack
(TIA)3,39 and there needs to be regular review of performance against these protocols. It is unacceptable
that some units have average door to needle times of
1 h when others can achieve it in 20 min.40,41 While not
all admitting units will have access to interventional
neuroradiology, protocols are needed to ensure rapid
‘‘door in, door out’’ times, with immediate transfer of
medical records and imaging to the thrombectomy
center.

There are three phases of a prehospital stroke care program: ﬁeld screening and assessment, treatment in the
ﬁeld and in transit, and notiﬁcation of the receiving
hospital. During the screening phase, emergency personnel should use validated stroke identiﬁcation
tools.30,31 Once stroke is suspected, other tools may
be employed aiming to identify strokes due to large
vessel occlusion (LVO),32,33 although all current existing prehospital LVO detection tools have low speciﬁcity
and currently should not be used to triage patients for
thrombectomy although pending further studies may
be useful for triaging patients to stroke centers with
interventional capabilities, though not necessarily
requiring thrombectomy. Essential vital sign assessment should include heart rate, blood pressure, blood
glucose, and pulse oximetry measurements.34,35 The
pre-arrival notiﬁcation phase is the critical link between
prehospital and hospital care to shorten the time interval from hospital arrival to treatment initiation. In addition to notifying that a suspected stroke patient is
enroute, provision of key information will allow the
hospital to prepare for appropriate prompt assessment
and treatment.36,37 There is an important balance
between adequate assessment and treatment in the prehospital environment and rapid transport to deﬁnitive
hospital care. The patient should be triaged to a predeﬁned facility for intravenous thrombolysis and
potential EVT based on the local stroke system of
care. It is key for eﬀective acute stroke services to
have regional planning of a stroke system of care and
clear pathways to minimize delays in therapeutic decision-making and delivery of care. This requires transportation to a center that will minimize treatment time.
Optimizing these transport decisions requires modelling
based on factors such as population density, stroke
incidence, hospital capabilities and performance

(7) Optimize In-hospital triage and acute care

(8) Use smart technologies
New technologies are emerging and have been successful in other areas of emergency care and may assist with
recognition and early treatment of stroke. Linguists
and computer scientists may be able to develop new
solutions. Machine learning and artiﬁcial intelligence
should be evaluated to assist dispatchers in recognizing
possible cases of stroke and are already used to aid in
interpretation of neuroimaging. New video-assisted dispatch systems might enable dispatchers to better assess
calls and be able to identify potential strokes.
Smartphones are available in most communities,
including low resource countries, and provide a cost
eﬀective means for public education in awareness of
stroke symptoms and the importance of timely activation of emergency services, as well as activating the
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emergency medical response.42 Telemedicine is invaluable in providing expert advice in the acute setting, particularly in hospitals in rural areas where 24/7 on site
specialists availability is not feasible.43 The use of telemedicine in the ambulance service is less well developed
but has been shown to be practicable.44 Mobile stroke
units have been shown to shorten assessment and treatment times compared to conventional hospital care but
have not yet been shown to improve outcomes or to be
cost-eﬀective.45

(9) Demonstrate accountability
Transparency is essential when reporting performance
of an emergency response and treatment system for
acute stroke. It allows the community and stakeholders
to gauge a system’s progress as well as its opportunities
for improvement. One of the hallmarks of excellent
stroke care is an ongoing quality improvement program
with transparent public reporting of data. Regular
monitoring of the metrics allows the public to identify
the best-performing centers while motivating improvement among hospitals at the lower end of the performance spectrum to improve.46 Those involved in
developing and optimizing the system are accountable
to the public, to administrators and funding bodies,
and to each other. Metrics describing a system’s performance may vary depending on the intended audience. Potential choices for primary performance
metrics may also vary given the robustness of the available medical and emergency response systems. For
example, systems within low- or middle-income countries may require diﬀerent performance metrics than
those in higher income nations. Feasible reporting of
results will need to begin with data elements that can be
collected locally and simply, and in a well-deﬁned setting. Some systems may share data highlighting relevant challenges or best practices through scientiﬁc
publications or other publicly accessible platforms.
Demonstrating accountability might be for a welldeﬁned portion of the stroke pathway or it might be
for the entire patient journey, depending on responsibilities. Reporting should be linked to incentives for
performance, annual accountability to stakeholders,
and making decisions related to systems of care.

(10) Create a culture of excellence
The secret of moving a system from its current performance level to a ‘‘Culture of Excellence’’ requires an
environment that empowers, focuses and engages
staﬀ, and equips teams with the right mindset and
skills necessary to achieve the best results. A culture
of excellence has a system and staﬀ that use a combination of best practice evidence and performance data to
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continually review their practices and identify opportunities to improve patient care. They must focus on
creating a system that exudes excellence, breaking records, and achieving extraordinary results. As has been
witnessed from the work of the GRA in out-of-hospital
cardiac arrest, we need to identify the ‘‘best of breed’’
and seek to emulate their performance.47 A system that
sets the benchmark for excellence is not necessarily the
best resourced service or the most advanced, but the
one that integrates, and recognizes the importance of,
the whole system in achieving the best possible outcomes for patients. To create a culture of excellence
takes time and it starts with you!
To achieve a culture of excellence, every staﬀ
member must understand not only the organization’s
vision, but also know their own roles, responsibilities,
and the speciﬁc actions they need to implement to
achieve this vision. In a culture of excellence, staﬀ feel
that their contribution is meaningful, signiﬁcant, and
purposeful. Staﬀ need to be inspired by the common
purpose which becomes the driving force behind everything that they do. Organizations focused on achieving
a culture of excellence must set an expectation of high
performance. Every staﬀ member must be supported
and encouraged to become a master in their role and
area of expertise.
Up-to-date evidence-based protocols should be in
place to cover the acute management of ischemic
stroke, hemorrhagic stroke and TIA. Many services
already have in place quality improvement programs.
For example, in the US and globally, The Institute for
Healthcare Improvement Triple Aims framework.48 In
Australia, The National Safety and Quality Health
Service Standards49 and in the UK, the Sentinel
Stroke National Audit Programme.40

The chain of survival for emergency stroke care
and patient journey
To promote awareness, educate, and create a framework for accountability and excellence, the Utstein
meeting resulted in an additional illustration of the
Chain of Survival for emergency stroke care
(Figure 2) and a stroke patient journey pathway illustration (Figure 3).
Stroke is a time-sensitive emergency. Many initiatives have focused on the reduction in door-to-treatment times (both with intravenous thrombolysis and
endovascular therapy) and have achieved positive
results in reducing times and improving patient outcomes.50–52 Other time-sensitive emergencies, notably
myocardial infarction, have focused on reducing
door-to-treatment times with success in reducing
times.53 In understanding the primary importance of
symptom onset to treatment in overall outcomes,
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Figure 3. Stroke patient journey.

Figure 4. Summarizing best practice programs and actions.

eﬀorts have logically evolved to extend beyond hospital
treatment times, focusing on systems of care that
include the public, partnership with EMS and referral
hospitals to reduce prehospital times and improve the
eﬃciency of the entire system. Stroke has similarly
evolved, with eﬀorts to focus on systems of care,

including partnerships with EMS, telestroke, and
multi-tiered stroke center designation. Recently, the
positive results of endovascular trials have highlighted
the need for stroke systems of care that direct patients
to the most appropriate facility for treatment and as
quickly as possible. Even in countries with highly

International Journal of Stroke, 15(5)

562

International Journal of Stroke 15(5)

developed stroke systems of care, prehospital severity
screening to try to identify LVO and destination algorithms are challenging to implement uniformly, as access
to primary and comprehensive stroke centers varies by
geography and regional resources, as does access to EMS
and EMS training in severity scores. In low- and middleincome countries, the primary challenges are often
related to the lack of well-developed EMS systems.
These factors highlight the need for international collaboration and recommendations for a stroke chain of survival that addresses the most critical components of acute
stroke care from onset to intervention with the ability to
be implemented in a variety of settings. The Utstein meeting developed a comprehensive chain of survival to facilitate worldwide improvements in stroke care.
Supplementary material of best practice of the 10
programs from international organizations is available
as attachment (supplementary Appendix C). Further
references are available in supplementary Appendix D.

2.

3.

4.

5.

6.

7.

Conclusion
Current outcome and survival from stroke can be
improved by optimizing each part of the Chain of
Survival of Stroke, improving the survival and outcome
for individuals with stroke and the community. Key
elements from the ‘‘Chain of Survival’’ for cardiac
arrest can be translated into 10 programs for improving
the survival and outcome after acute stroke. The 10
programs promote best practices and oﬀer help with
implementation, enabling communities to improve the
stroke survival and outcome rates (Figure 4).
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